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Design and produc t ion  d a t a  o f  UVA q u a r t z  c r y s t a l  r e s u n a t o r s  and o s c i l l a t o r s  have been 
presen ted  i n  t h e  p a s t  a t  t h e  Frequency Cont ro l  Symposium. [ 1 , 2 , 3 , 4 ]  
The RVA 5 MHz c r y s t a l  equipped frequency s o u r c e s  e x h i b i t  a new b l c r ~ d  of remarkable 
performances such as  10-11 d a i l y  s t a b i l i l y ,  5x10-13 sho r t  term s t a b i l i t y  ( 1  t o  30 s t ime 
i n t e r v a l s )  and c l o s e  t o  t h e  c a r r i e r  low phase n o i s e  (1 Hz : -120 dBc, 10 Hz : -140 d B c ) ,  

whereby r e t a i n i n g  t h e  customary c r y s t a l  o s c i l l a t o r  b e n e f i t s  u f  small volume, h i g h  
r e l i a b l l i L y  and low p r i c e ,  as oppused t o  more s o p h i s t i c a t e d  frequency g e n e r a t o r s  which 

would be r e q u i r e d  t o  ach ieve  comparable p ~ r f o r m a n c e s .  
Examples i l l u s t r a t i n g  t h e  impact of  t h e  O s c i l l o q u a r t z  BVA OCXO i n  d i f f e r e n t  f requency 

g e n e r a t i n g  systems w i l l  be p resen ted  : 

- i n  cesium frequency s t a n d a r d s  

- i n  a hydrogen frequency s t a n d a r d  
- i n  a p r e c i s i o n  d i s t r i b u t i o n  sub-system f o r  s a t e l l i t e  ground s t a t i o n s  

- i n  h igh  h i e r a r c h y  exchanges of d i g i t a l  networks, synchronized by t h e  mas te r - s lave  
method 
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INTRODUCTION 

Over the past 4 years, OSCILLOQUARTZ S.A. went through the various and challenging steps 
of turning the basic "EVA CONCEPT" into an indusLria1 product, then to put that product 

into the field. 
This paper intends to focus on the last portion of the programm, namely to describe where 
and why RVA oscillaCors have been chosen fol- various frequency generating devices, and 

how such devices benefit from the BVA technology. 

PRODUCT DESCRIPTION : BVA RESONATOR 

The BVA unit we are discussing here, consists of an l'electrodeless" resonator at 5 MHz, 
5th overtone, AT-cut, which is decoupled from his mounting structure by 4 bridges. These 
bridges are precisely made (width : 0.4 mm) and located and serve the purpose of keeping 
the mounting stress away from the active center part (resonator) as much as possible. 

The electrodes are evaporated on two counterpieces, like condcnsors, also made of AT 
quartz blanks with the same cutangle as the resonator blank (see fig. 1). 
'I't~e 3 parts are rigidly held together with stainless stcel clips, and the whole sandwich 

is spring-mounted into a rigid cage consisting of a base plate and a cover plate which 
are flxcd to four columns. 
The BVA assembly is mounted in a cold-weld enclosure with a climney which enables to bake -B 
out thr finished resonator at 75O0C while pumping it to 10 mbar with a cry0 pumping 
system and sealing the enclosure by a pinch-off process (see fig. 2). 

This fairly complex structure offers many advantages, namely : 

- the llelectrodeless design" eliminates most of the problems linked to surface 
perturbations and ion migrations 

- the use of a crystal resonator mounting made out o f  quartz material eliminates 

the problems linked to discontinuities, relaxatiol~ and stresses in the mounting 
points 

- the reduction of space surrounding the active part eliminates the problem linked 
to contamination 

Typically, the BVA resonator provides the following characteristics (5 MHz AT 5th 

overtone unit ) : Q = 2.5~10 
6 

Rl = 80 R - 4 
C1 = 1 .02~10  pf 
CO = 4.1 p f  
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PRODUCT DESCRIPTTOII : BVA OSClLLAlOR 

To match t h e  o u t s t a n d i n g  performances of  t h e  r e s o n a t o r ,  t h e  e l e c t r o n i c s  of o u r  b e s t  OCXO 

8-5490 has  been redes igned ,  w i t h  h igh  emphasize on low n o i s e  and h i g h  s t a b i l i t y  a t  a l l  
l e v e l s  of  t h e  package. B a s i c a l l y ,  t h e  BVA o s c i l l a t o r  ( s o - c a l l e d  8600 o r  8601) i n c l u d e s  
t h e  fo l lowing  s u b - s e c t i o n s  ( s e e  f ig .  3 and 4) .  

I n s i d e  t h e  oven assembly : - BVA r e s o n a t o r  

- 5 MHz o s c i l l a t o r  and au tomat ic  g a i n  c o n t r o l  

- frequency p u l l i n g  network 

- oven c o n t r o l  c i r c u i t  

- 1 7  V / 7  V v o l t a g c  r e g u l a t o r  

Outs ide  t h e  oven assembly : - thermal  i s o l a t i o n  

- 24 V / l i  V v o l t a g e  r e g u l a t o r  

- dua l  o u t p u t  b u f f e r s  

- mechnical f requency ad jus tment  

The most s i g n i f i c a n t  f e a t u r e s  and performances of t h e  BVA o s c i l l a t o r  can be o u t l i n e d  a s  
fo l lows  ( t y p i c a l  v a l u e s )  : 

long  term s t a b i l i t y  : 5 1x10-10/montti 

s h o r t  term s t a b i l i t y  (m) : 5 5x10-13 Eor T = 0 . 2  t o  30 s e c  

phase n o i s e  ( S$) : a t  1 Hz = -120 dB / a t  100 Hz = -150 dB 

s t a t i c  "g" s e n s i t i v i t y  : 5x10-10/g 

I n  t h e s e  a r e a s ,  t h e  BVA o s c i l l a t o r  h a s  c o n s i d e r a b l y  improved t h e  performances ob ta ined  
w i t h  commercj.ally a v a i l a b l e  OCXOs, and h a s  s e t  new standal-ds  t o  t h i s  c a t e g o r y  of f r e -  
quency sources .  T h i s  f u r t h e r ,  c l o s e s  t h e  gap between t h e  b e s t  OCXOs and t h e  Rb s o u r c e s  
o f f e r e d  on t h e  market.  

I t  should a l s o  be  noted t h a t  due t o  i t s  r e l a t i v e  s i m p l i c i t y ,  t h e  BVA o s c i l l a t o r  compares 
very  advantageously t o  i t s  nearest atomic compet i to r  ( rubidium s t a n d a r d s )  bo th  i n  terms 
of  p r i c e s  and r e l i a b i l i t y .  

We s h a l l  now t a k e  a c l o s e r  look a t  t h e  v a r i o u s  p o s s i b i l i t i e s  o f f e r e d  w i t h  t h i s  dev ice ,  

when i n t e g r a t i n g  i t  i n t o  v a r i o u s  frequency g e n e r a t i n g  systems.  



APPJ,ICATION I N  CESIUM FREQUENCY STANDARDS - 

Combined requi rements  f o r  high accuracy  and good s p e c t r a l  p u r i t y  of t h e  o u t p u t  s i g n a l  can 
be found i n  Doppler Radar Networks, where many o b s e r v a t i o n  s i t e s  must o p c r a t e  i n  p e r f e c t  

synchroniza t ion .  
A cesium s tandard  witti  HVA n s c i l l a t o r  o f f e r s  The i d e a l  s o l u t i o n  to  f u l f i l l  t h e s e  
requ i rements  : 

t h e  cesium accuracy  enables  p l e s i o s y n c t ~ r o n i z a t i o n  of t h e  network w h i l e  

t h e  BVA o s c i l l a t o r  guaran tees  t h e  s p e c t r a l  p u r i t y  of t h e  d i s t r i b u t e d  o u t p u t  

The c r y s t a l  o s c i l l a t o r  In  a  cesium frequency s t a n d a r d  loop ( s e e  f i g .  5) s e r v e s  the 

fo l lowing  purposes : 
- provides  a  5 MHz ourput  t o  t h e  u s e r  and t o  t h e  n i u l t i p l i f r  c h a i n  

- c o n t r i b u t e s  t o  t h e  de te rmina t ion  of  t h e  loop time c o n s t a n t  

- c o n t r i b u t e s  t o  t h e  phase performances of  t h e  ou tpu t  s i g n a l  (S$) 
f o r  F o u r i e r  f r e q u e n c i e s  l o c a t e d  above t h e  loop band-width 

- c o n t r i b u t e s  t o  t h e  s h o r t  term s t a b i l i t y  performances of t h e  o u t p u t  s i g n a l  

(m) f o r  Lhe time i t l t c r v a l s  (f) s h o r t e r  than t h e  loop t ime c o n s t a n t  

For a given dev ice  ( i n  our  example, t h e  cesium o s c i l l a t o r  OSA 30001, t h e  replacement o f  

t h e  f lywheel  o s c i l l a t o r  (convent iona l  AT-P5 OCXO) by a BVA o s c i l l a t o r  r e s u l t s  i n  t h e  

fol lowit lg  advantages : 

POSSlBILITY TO INCREASE TlIE LOOP TIME CONSTANT FROM 1 TO 3 sec (SHORT) 
AND/OR 1 0  TO 30 s e c  (LONG) 

A convent iona l  AT-cut, 5th over tone  c r y s t a l  o s c i l l a t o r  h a s  a  t y p i c a l  s t a t i c  g - s e n s i t i v i t y  
of 2x10-9/g w h i l e  Lhc BVA o s c i l l a t o r  improves t h a t  f i g r ~ r e  by a f a c t o r  of 4 ( t y p i . c a l l y  

5x30-10/g). I n  t h e  cesium loop,  t h e  BVA o s c i l l a t o r  can t h e r e f o r e  be more l o s e l y  locked t o  
t h e  cesium beam tube ,  t h u s  a l lowing  a b e t t e r  e x p l o i t a t i o n  of  i t s  s u p e r i o r  s h o r t  term 

s t a b i l i t y  and s p e c t r a l  p u r i t y .  

IMF'AC'J: ON THE PHASE NOISE PERFORMANCES 

With a  time c o n s t a n t  s e t  t o  e i t h e r  3 o r  30 s e c ,  the cesium s tandard  now e x h i b i t s  t h e  
fo l lowing  c h a r a c t e r i s t i c s  ( s e e  f i g ,  6 )  : 

Frequency o f f s e t  from c a r r i e r  S(J T = 3 s e c  S$ T = 30 s e c  
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IMPACT ON THE SHORT TERM STABILITY PERFORMANCES 

With a time c o n s t a n t  s e t  t o  e i t h e r  3 o r  30 s e c ,  t h e  cesium s t a n d a r d  now exhibi ts  t h e  

fo l lowing  c h a r a c t e r i s t i c s  ( s e e  f i g .  7 )  : 

Time i n t e r v a l  (f) 

0 . 1  s e c  
I s e c  

10 sec 

100 sec 

Figure  6R prov ides  the same data,  look ing  at F o u r i e r  f r e q u e n c i e s  v e r y  c l o s e - i n  t o  the 
c a r r i e r .  Assuming t h a t  t h e  equipn~cnt  cou ld  operate i n  a v e r y  stable environment, t h e  loop 
t ime c o n s t a n t  could even be i n c r e a s e d  to 100 sec, provid ing  even b e t t e r  r e s u l t s .  
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APPLICATION IN A HYDROGEN MASER 

The use i n  radioastronomy and VLBI (Very Long Base l ine  I n t e r f e r o m e t r y )  o f  i n c r e a s i n g l y  

h i g h e r  o b s e r v a t i o n  f r e q u e n c i e s  c r e a t e s  a unique requirement  f o r  an o s c i l l a t o r  having t h e  
lowest  s p e c t r a l  d e n s i t y  of phase f l u c t u a t i o n s  (S$) o b t a i n a b l e  f o r  bo th  h i g h  F o u r i e r  

fre u e n c i e s  ( i . e .  from 1 Hz up t o  a few Mllz) and low F o u r i e r  f r e q u e n c i e s  (i.e. down t o  -Y 
10 Hz). The LO (Local  O s c i l l a t o r )  s ignal  needed f o r  a  radioastronomy r e c e i v e r  i s  nor-  

mally der ived  from an H-maser atomic s i g n a l  through a t  l e a s t  2 phase lock  loops ( s e e  f i g .  
8). A VCXO (Voltage C o n t r o l l e d  C r y s t a l  O s c i l l a t o r )  hav ing  normally a  5 MHz o u t p u t  f r e -  
quency is  phase locked t o  the  atomic s i g n a l  w i t h  a t y p i c a l  loop bandwidth of  a few Hz, 
and t h e  microwave o s c i l l a t o r  is phase locked t o  t h e  VCXO s i g n a l .  The bandwith o f  t h i s  

l a s t  PLL (Phase Locked J,oop) depends on t h e  p a s e  n o i s e  c h a r a c t e r i s t i c s  of t h e  microwave S 
o s c i l l a t o r  and i s  t y p i c a l l y  of t h e  o r d e r  of 10 Hz. The reason behind t h a t  des ign  r e s i d e s  
i n  t h e  f a c t  t h a t  t h e  atomic s i g n a l  has t h e  lowest  phase n o i s e  f o r  F o u r i e r  f r e q u e n c i e s  
below 1 Hz, t h e  VCXO m u l t i p l i e d  t o  t h e  LO f r e q  ency h a s  normally t h e  lowest: phase n o i s e  Y 
i n  t h e  F o u r i e r  f requency range between 1 and 10 Hz y d  t h e  microwave o s c i l l a t o r  h a s  t h e  

luwest  phase n o i s e  for  F o u r i e r  f r e q u e n c i e s  above 10 Hz. Here we a r e  concerned most ly 

wi th  t h e  phase lock ing  of  the VCXO on t h e  atomic s i g n a l .  

OUT 

6- I H  

FIGURE 8 : MASER PHASE-LOCK SYSTEM 
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REALISATION OF AN l'OPTIMUM't PLL 

The state-of-the-art 5 MHz BVA quartz crystal oscilLators (4) has a spectral density, at 
5 MHz, given by 

12.2 -3 -13.2 -1 -15.7 -0 
S = 1 0  xf + 1 0  xf + 1 0  xf [61 

lClQ 

A maser oscillator typical phase noise referred to 5 W z  is given by [ 4 ]  

An "optimumtt PLL similar to the one described in ref. 7 has been designed and realized 
according to the criterion of minimum integrated rms phase noise. The experimental 

results are in good agreement with the theoretical calculation and are represented, at 

the 5 MHz output frequency, in fig. 9, 10 and 11, for Fouricr frequencies above 1 Hz. The 
result derived from the final setting (fig. 11) is believed to be one of the best avail- 

able  today and is still susceptible to an improvement of 15 dB in the white phase noise 
region. 'l'tie previous results give a total rms time jitter of 0.32 ps i.n the 1 Hz-100 kHz 
bandwidth, this means that this maser could be conveniently used up to 'LOO GHz interfero- 
meter frequency with a negligible 10% cotierence loss. For the details of the calculation 
we refer t o  ref. 5 

SPECIFICATIONS DETERMINATION - FREQUENCY STABILITY 
Tn addition to the previous discussion on the requirement of the short term/long term 
frequency stability the following comment is in order. The optimum PLL previously descri- 
bed can be used coveniently only in vibration free environments, because the loop band- 
width is approximately 0.5 Hz and the BVA oscillator g-sensitivity 5x10-10/g the slow 
coherence requirement normally is translated in the following specification for the Allan 
Variance : 

-13 -1 
U ( T ) = ~ X ~ O  -1 1 5 T 2 100 sec 

and y 
-15 0 

U (T) = 2x10 T 1'000 5 T 5 10'000 SEC 
Y 

which appears fully satisfactory in consideration of the Lxl.0-14 Allan Variance limita- 
tion imposed by the atmosphere itself. The 5 EPOS H-masers [ 8 ]  constructed and tested in 
our laboratory have shown consistently stabilities within the prcvious specs ( s e e  Eia. 91, 
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FIGURE 9 : MASER PLL & VCXO TYPE BVA 860115 MHz 
Fn = 30.6 Hz 

FIGURE 10 : MASER PLL & VCXO TYPE BVA 860115 MHz 
Fn = 0.25 Hz 
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FIGURE 11 : MASER PLL & VCXO TYPE BVA 8601/5 MtIz (FINAL SETTING) 
Fn = 0.55 Hz 
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AI'PLICATION IN PRECISION DISTRIBUTION SUB-SYSTEM FOR SATELLITE GROUND STATION 

DESIGN PHILOSOPHY 
With the requirements in sate1 lite communication systems to make maximum usage of the 

frequency spectrum, coupled with the reliability and availability requirements of a 
state-of-the-art cornmunications system, the technical specification of a frequency 

distribution sub-system is extremely stringent, especially since the operation of the 
station is totally dependent on that sub-system. 

In order to meet this high technical specification within a relatively short development 
timescale, a design was evolved making the maximum use of state-of-the-art proprietary 
equipment modules. 

The main frequency references for the sub-system are provided by two crystal frequency 

standards, each including RVA oscillators. 
Crystal oscillators although not as stable, long term wise, than rubidium standards, were 

used because of their extremely low phase noise and high MTBF. 
Longer term rrcnds in stability arc determined by comparing the oscillator outputs with a 
rubidium standard. Considering the typical aging of the oscillator below 10-ll/day, the 
number of periodic recalibration can be s e t  to a minimum. 

IMPLEMENTATION 
The sub-system may be conveniently divided into five main areas for consideration : 

THE FREQUENCY GENERATION 
INTERMEDIATE CABLING 

RENDTEI,Y SITUATED AMPLIFIERS 
THE POWER SUPPLY 

The relationship between these areas can be seen in fig. 13. 

1 10 OTHER SUB-5YSlEM5 

F REOUENCY 
CHANGER 

FIGURE 13 : FREQUENCY DISTRIBUTION SUB-SYSTEM -BLOCK DXAGRAM- 



FREQUENCY GENERATION EQUIPEMENT ( s e t  f i g  . 14 ) -- - 

TWO f r e q u e n c y  r e f e r t w c c s  a r e  p r o v i d e d  1.n thc f r e q u e n c y  g e n e r a t i o n  e q u i p m e n t ,  sour-  
c e s ,  each  o f  wh ich  i s  p r o v i d e d  w i t h  i t s  own I n t c r r ~ a l  backup b a t t c r y  s u p p l y ,  c o n t a i n  A 

u n i q u e  typt: o f  c r y s t a l  o s c i l l a t o r  wh 'ch  p r o v i d e s  an  o u t p u t  s i g n a l  w i t h  a  l o n g  term s t a b i -  i 1 
l i t y  of b e t t e r  t h a n  2 2 p a r t s  i n  10 p e r  d a y ,  ic a p p r o a c h i n g  t h a t  o f  a rub id ium s t a n -  
d a r d .  The o u t p u t s  o f  t h e s e  two reference s o u r c e s  a r e  f e d  t o  an a u t o m a t i c  changeove r  u n i t  
i n  o r d e r  t n  i n c r e a s e  t h e  r r : l i a b f l i t y  arid a v a i l a b i l i t y  o f  thc. o u t p u t .  The o u t p u t  from t h e  

a u t o m a t i c  c t ~ a r l g e o v r r  u n i t  is in t u r n  f e d  t o  a main d i s t r i b u t i o n  a m p l i f  i c r  which p r o v i d e s  
t h e  main l ~ e d s  f o r  t h e  v a r l o t l s  a r e a s ,  Thc o ~ ~ t p r l t  f r c q u c n c i e ;  from t h e  r e f e r e n c e  s o u r c e s  

a r e   omp pared t o  t h e  o u t p u t  from n rub id ium s t a n d a r d  u s i n g  a f r e q u e n c y  d i f f e r e n c e  m e t e r ,  

c o u p l c d  w i t h  a  c h a r t  I - c c o r d e r ,  e n a b l i n g  appropriate f r a c t i o n a l  c h a n g e s  t o  be e f f e c t e d  

manua l ly .  Tn f u r t h c r  i n c r e a s e  tht? a v a i l a b i l i t y ,  b a t t e r y  backup i s  p r o v i d c d  f o r  t h e  whole  
r a c k  of equjprncnt and comprchcns ive  m o n i t o r i n g  i s  p r o v i d e d  t o  eriali le f a u l t s  t o  be  q u i c k l y  

r e c t i f i e d .  

INTERMEDIATE CABLINC: 

Having o b t a i n e d  a v e r y  h i g h  s i g n a l ,  i t :  i s  e s s e n t i a l  t h a t  i t  i s  n o t  degradet l  t c  any e x t e n t  

d u r i n g  t r a n s m i s s i o n  t o  o t h e r  s u b - s y s t e m s .  Fo r  t h i s  r e a s o n ,  a c o a x i a l  c a b l e  o r i g i n a l l y  d e -  
si-gned for  e l e c t r o - m a g n e t  i c  p ro t cc t . i c )n  i n  n u c l e a r  r e a c t o r s  i s  u sed .  I t  c o n s i s t s  of t h r e e  

b r a i d s  and two s p i . r a l l y  wound mu-metal  t a p e s .  Tt1i.s p r o v i d e s  g r e a t e r  p r o t e c t i o n  a g a i n s t  

e l e c t r o - m a g n e t i c  i n t e r - f c r e n c e  t h a n  s e m i - r i g i d  c o a x i a l  c a b l e s ,  w h i l s t  r e t a i n i n g  a  f l e x i b i -  

l i t y  s i m i l a r  t o  t h a t  o f  s t a n d a r d  coaxia l  c a b l c .  S p e c i a l  c o n n e c t o r s  a r e  u s e d  w i t h  t h i s  

c a b l e  i n  o rder  t o  p r e s e r v e  i t s  h i g h  s h i e l d i n g  p r o p e r t i e s .  

REMOTELY SlTUATEU AMPLIFlERS 

A s  many more o u t p u t s  a r e  r e q u i r e d  t h a n  can  he  s u p p l i e d  by one a m p l i f i e r ,  f u r t h e r  a m p l i -  
f i e r s  a r e  s i t u a t e d  i n  t l lc  sub-sysrerns  t h a ~  t h e y  s e r v e .  l h e s e  a m p l i f i e r s  a r e  o f  t h e  same 

t y p e  a s  t h e  main d i s t r i b u t i o n  a m p l i f i e r  ant! a r e  o n c e  a g a i n  of a v e r y  low r t o i s e  d e s i g n .  

S i t u a t i n g  them i n  t h e  samc a r e a  as  t h e  c q r ~ i p l n e n t s  the:, s e r v e  k e e p s  i n t e r f e r e n c e  t o  a 

minimurn and r e d u c e s  c a b l e  c o s t s .  Each amplifier i s  coup led  t n  an a l a r m  u n i t  t o  d i s p l a y  

power o r  f r e q u e n c y  f a i l u r e  f a u l t s .  

POWER SUPPLY 

Due t o  t h e  r e q r ~ i r e m e n t s  f o r  e x t r e m e l y  iow phase  r io isc  o n t p u t s ,  i t .  i s  a l so  v i t a l l y  impor-  

t a n t  t o  avoi-d components  i n  t h e  phase n o i s e  t h a t  a re  d e r i v e d  from t h e  power s u p p l y .  

W h i l s t  i t  i s  n o t  p o s s i b l e  t o  e l i m i r l a t e  50 Hz m a i n s  cornponc:lts c o m p l e t e l y  i n  an  u n s h i e l d c d  
e n v i r o t ~ m e n t  thc!y a r e  r educed  by p r o v i d i n g  :i S O  t o  400 ilz power c o n v e r t o r .  Most o f  t h e  
sub - sys t em i s  run o f f  400 Hz,  t h u s  recluci-ng :he r i f e c t  of t h e  ccrckpiinents produced.  Gene- 

r a l l y ,  t h e  400 Hz components i n  t h e  phase n o i s e  w i l l  f a i l  out.:;ide t h e  l oop  baridwidth o: 

t h e  RF c o n v e r t o r s  and t t ie KF sys t em i s  s u h s c q u e n t l y  more to le ran t .  o f  such components .  The 
c o n v e r t o r s  a r c  p r o v i d e d  i n  d u p l i c a t e  t o g e t h e r  w l t h  a u t o m a t i c  changeove r  t o  m a i n t a i n  t h e  
o v e r a l l  a v a i l a b i l i t y  o f  t h e  sys t em.  





SUMMARY 

The frequency sub-system meets t h e  s t r i r i g e n t  t e c h n i c a l  requ i rements  w i t h  a phase n o i s e  
performance t h a t  r e p r e s e n t s  t h e  b e s t  a v a i l a b l e ,  u s i n g  t o d a y ' s  technology.  

The phase n o i s e  figures ob ta ined  a r e  equa l  t o ,  o r  b e t t e r  t h a n ,  t h e  fo l lowing  : 

Frequency o f f s e t  from c a r r i e r  SSB phase no i s e  I n  I Hz bandwidth 
(112 (dBc/Hz) 

NOW harmonica l ly  r e l a t e d  and power supply  r e l a t e d  s p u r i o u s  phase n o i s e  components ( s p u r s )  
a r e  b e t t e r  than 

-144 dBc i n  t h e  range of  1 Hz to  395 Hz from c a r r i e r  
and - 94 dBc i n  t h e  range of 395 Hz t o  10 kHz from c a r r i e r  

The a c h i e v a b l e  system s t a b i l i t y  i s  : s h o r t  term, i I p a r t  i n  10" per second 

long term, f 2 p a r t s  i n  10" p e r  day 

An a v a i l a b l e  f i g u r e  uf 99.9995% e n s u r e s  a lmos t  con t inuous  o n - l i n e  o p e r a t i o n  of  t h e  
s t a t i o n .  
The modular i ty  o f  t h e  sub-system makes simple p r o v i s i o n  f o r  f u t u r e  expansion t o  meet new 

requirements .  The sub-system con be e i t h e r  compressed o r  expanded i n  s i z e ,  or modif ied t o  
s u i t  d i f f e r e n t  p h y s i c a l  c o n s t r a i n t s  wi thout  a f f e c t i n g  i t s  e s s e n t i a l l y  h i g h  t e c h n i c a l  
s p e c i f i c a t i o n .  



APPLICATION IN A SYNCHRONIZED DIGITAL NETWORK 

The needs and characteristics of reference clocks for digital communications systems are 

extensively described in ref. 10 and 11. From these information, we can summarize trends, 
facts and requirements as follows : 

- Data transmissions by means of time division multiplex (TDMA) are 

becoming increasingly popular in modern telecommunication networks. 
- International data communication are ruled by ITU (International Telecommuni- 
cation Union), by means of CCITT recommendations. 

- C C I n  recommendation G-811 calls for a maximum frequency offset o f  LxlO-11 
between two international exchanges. This value is based on the maximum error 
rate (or slip rate) allowable between two nodes to ensure proper data 

transmission. 

To comply witti this recommendation, trends are nowadays to achieve "frequency 

synchroniza Lion1' : 
- At an INTERNATIONAL LEVEL in a plcsiosynchronous way, using master clock 

systems including cesium standards. 
- At a NATIONAL LEVEL in a synchronous way, using synchronizing modules at each 
nodes connected directly or indirectly to the master cluck. 

A typical network configuration is given in fig. 15. 

1 s t  o r d e r  

2 n d  o r d e r  

To 3 rd order  

FIGURE 15 : TYPICAL NETWORK CONFlCURATION (MASTER SLAVE MODE) 



TERMS AND DEFINITION 

It should be mentioned a t  t h i s  s t a g e  t h a t  t h e  requ i rements  and concerns  o f  the "telecom- 

municat ions people" i n  terms of frequency sources are expressed  i n  a very spec i f i c  
manner. 

- " O s c i l l a t o r s  people" l i k e  t o  d e f i n e  and c h a r a c t e r i z e  t h e i r  product  i n  terms of ACCU- 

RACY, STABILITY p e r  u n i t  of time o r  over  a  g iven  environment, REPRODUCIBILITY, AGING,  

e t c .  
- "Telecommunication people" on t h e  o t h e r  hand s p e c i f y  t h e i r  needs by u s i n g  t h e  fo l lowing  

terms : 

JITTER : RMS phase d e v i a t i o n  i n  a g iven  bandwidth 

WANDER : s y s t e m a t i c  and /or  random phase o r  time f l u c t u a t i o n ,  

l i n k e d  to  c a b l e  de lay ,  s e a s o n a l  t empera ture  v a r i a t i o n s ,  
t r a n s m i s s i o n  e f f e c t s ,  e t c .  

T IE  : "TIME: INTERVAL ERROR"; d e f i n i t i o n  of  t h e  c l o c k  performances 
l i m i t s  g iven  by t h e  r e l a t i o n  

TIE ( t )  = KT ( t  + T) - AT ( t )  

AVAILABILITY : t ime d u r i n g  which t h e  system w i l l  remain w i t h i n  t h e  CCITT 

G - 8 1 1  l imits,  i n  c a s e  of  d e g r a d a t i o n  o r  absence of  

synchroniz ing  r e f e r e n c e  

The l a t t e r  i s  of p a r t i c u l a r  i n t e r e s t  t o  u s  s i n c e  d i r e c t l y  r e l a t e d  t o  t h e  long term s t a b i -  
l i t y  ( a g i n g ) ,  of the f ly-wheel  o s c i l l a t o r  In t h e  synchroniz ing  module. A luw ag ing  o s c i l -  
lator w i l l  indeed give more t ime t o  the o p e r a t o r  f o r  s e r v i c i n g  t h e  n o d e s  i n  c a s e  of  
r e f e r e n c e  f a i l u r e .  

I ¶  
10"' lo'' 6' I 10' 10' 101 10' 10' 10' rd 10 w s 

Observation period (S seconds) mn-11r2 

BVA oscillator 
aging : 10-ll/day 

FIGURE 16 : TIME INTERNAL ERROR LIMITS, CCIIT UC. G-811 (DRAFT REVISION 1980) 



SYNCHRONIZING MODULE 

As p r e v i o u s l y  shown ( f i g .  15), each node l o c a t e d  a t  a secondary l e v e l  is  connected KO one 

o r  s e v e r a l  l i n e s  c a r r y i n g  t h e  s y n c h r o n i z a t i o n  and r e f e r e n c e  s i g n a l  ( i n  o u r  example, a t  
2048 kHz 1. 
Each l i n e  a l s o  c a r r i e s  messages which, combined w i t h  t h e  e f f e c t s  of d i s t a n c e  and t h e  
n a t u r e  of  t r a n s m i s s i o n ,  r e q u i r e  s p e c i a l  p r e c a u t i o n  t o  e x t r a c t  and u s e  t h e  r e f e r e n c e  

frequency.  
The main purpose of  t h e  synchroniz ing  module is  t o  e x t r a c t ,  f i l t e r  and regenerate, from 

t h i s  s i g n a l  a c l e a n  r e f e r e n c e  frequency which is  compatible  t o  the CCITT reconnnendation 
G-811. 

T h i s  frequency w i l l  be used f o r  d r i v i n g  t h e  frequency c o n v e r t e r  and d i s t r i b u t i o n  ampli-  
f i e r s  intended f o r  l o c a l  use .  
A t y p i c a l  2nd l e v e l  node c o n f i g u r a t i o n  jrould c o n s i s t  of 3 synchroniz ing  modules each 
d r i v e n  by one o r  p r e f e r a b l y  s e v e r a l  r e f e r e n c e  input  l i n e s  ( s e e  f i g .  1 7 ) .  
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FIGURE 17 : TRIPLICATE SYNCHRONIZING MODULE 



ROLE OF THE OSCILLATOR 

I n  view of t h e s e  d i f f e r e n t  c o n s t r a i n t s ,  many f e a t u r e s  on ly  o f f e r e d  w i t h  the EVA o s c i l l a -  

t o r  can be exploited t o  t h e  b e n e f i t  o f  t h e  system performances : 

OSCILLATOR FEATURES I SYSTEM BENEFITS 
-11 

Very low ag ing  rate (< 10 /day)  24 hours  autonomy ( a v a i l a b i l i t y  i n  
c a s e  of l o s s  of r e f e r e n c e )  

E x c e l l e n t  short/medium tcrm s t a b i l i t y  P o s s i b i l i t y  t o  use h i g h  PLL t ime 
( 5  5x10-13 from 0 .1  t o  30 s )  and low c o n s t a n t ,  t h u s  t o  improve t h e  j i t t e r  
s e n s i t i v i t y  t o  environmental  changes r e j e c t i o n  

High MTBF Improves sys tem's  a v a i l a b i l i t y  
f i g u r e .  Decreases s e r v i c i n g  and 

o p e r a t i n g  c o s t s  

L inear ized  frequency c o n t r o l  f u n c t i o n  No v a r i a t i o n  of  loop time c o n s t a n t  

w i t h  time ( f o l l o w i n g  compensation of  
XO ag ing)  

The d a t a  p l o t s  provided i n  f i g .  18  and 19 e x h i b i t  t h e  performances oi' t h e  synchronization 

module we r e a l i z e d  f o r  t h i s  a p p l i c a t i , o n ,  based on t h e  use of a BVA o s c i l l a t o r  i n  a loop 
bandwidth of Q 1x10-4 Hz. 

1 0' 

M A X  ADMISSIBLE INPUT JITTER LEVEL 

FOR OSA SYSTEM 

G-703 REOUIREMENTS 

100- 

FIGURE 18 : MAX. J I T C E R  LEVEL VS G-703 RECOMMENDATION 
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FIGUkE 19 : PERMlSSIIJLE T I E  (G-7U3) AND TYPICAL SYS'TEM'S PEKE'OKMANCES 

- RVA o s c i l l a t o r s  have now r e a c h e d  i n d o s t r l . a l  m a t u r i t y  but11 i n  terms of t h e i r  p roduc t ion  
and n p p l  t c a t l o n s .  

- S u b s t a n t i a l  performances improvements ilnve been d e n ~ o n s t r a t e d  i n  v a r i o u s  frequency 

g e n e r a t i n g  devices,  fo l lowing  t h e  replacement  of the  c o n v r n t i o n a l  OCXO w i t h  a  BVA 

o s c i l l a t o r .  

- Developments based on t h e  BVA technology are  be ing  conduc ted  i n  t h e  a r e a s  of HF 0C:XO 

a n d  low g - s e n s i t i v i t y  o s c i l l a t o r s ,  These e f f o r - t s ,  combined w i t h  t h e  growing number of 

a p p l i c a t i o n s  c a l l i n g  f o r  v e r y  high pcr-formances frequency s o u r c e s ,  are  c o n t r i b u t i n g  t o  
f u r t h ~ r  improve t h e  s t a t e - o f - t h e - a r t  i n  q u a r t z  c r y s t a l  o s c i l l a t o r s .  
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Q U E S T I O N S  A N D  ANSWERS 

A L B E R T  BENJAMINSON, S. T. RESEARCH: Can you t e l l  u s  more a b o u t  
t h e  B V A  resonator? 

MR. J E N D L Y :  Do y o u  mean specifications? 

M R .  B E N J A M I N S O N :  Yes. 

M R .  JENDLY: Yes, t h e y  a r e  i n  t h e  p a p e r .  I c a n  g i v e  y o u  t h e  p a p e r  
r i g h t  a w a y ,  i f  y o u  w i s h .  The  Q f a c t o r  i s  2.5 m i l l i o n ,  a n d  t h e  
resistance i s  280 ohms ,  a n d  C 1  and C p  I c a n  g i v e  you r i g h t  away.  




